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Colloidal gels are formed during arrested phase separation. Sub-micron, mutually attractive particles aggregate 
to form a system-spanning network with high interfacial area, far from equilibrium. Models for microstructural 
evolution during colloidal gelation have often struggled to match experimental results with long standing 
questions regarding the role of hydrodynamic interactions. In the present work, we demonstrate simulations of 
gelation with and without hydrodynamic interactions between the suspended particles. The disparities between 
these simulations are striking and mirror the experimental-theoretical mismatch in the literature. The 
hydrodynamic simulations agree with experimental observations, however. We explore a simple model of the 
competing transport processes in gelation that anticipates these disparities, and conclude that hydrodynamic 
forces are essential.  
 
We employ a minimal model of the hydrodynamic forces between particles, which emphasizes the most 
important elements of the fluid physics during gelation. Near the gel boundary, there exists a competition 
between compaction of individual aggregates, which suppresses gelation and coagulation of aggregates, which 
enhances it. The time scale for compaction is mildly slowed by hydrodynamic interactions, while the time scale 
for coagulation is greatly accelerated by collective motion of particles within an aggregate. This enhancement to 
coagulation leads to a shift in the gel boundary to lower strengths of attraction and lower particle concentrations 
when compared to models that neglect hydrodynamic interactions. Away from the gel boundary, differences in 
nearest neighbor distribution persist. This result necessitates a fundamental rethinking of how both microscopic 
and macroscopic models for gelation kinetics in colloids are developed. 
 
Further, when long-range electrostatic repulsion between particles are incorporated into the simulation model, 
differences between models incorporating hydrodynamic interactions and those neglecting them become 
exacerbated. When aggregation is reaction limited, as is the case for particles interacting via a short-ranged 
attraction and a long-ranged repulsion  (SALR), the diffusive dynamics of particle clusters are key to establishing 
the correct aggregation rate.  Long-ranged hydrodynamic interactions between particles result in aggregates 
that diffuse anisotropically, which promote the growth of percolated networks as opposed to condensed 
domains.  The figure below depicts the terminal state of discrete element simulations neglecting and including 
long-ranged hydrodynamic forces under experimentally relevant conditions.   
 
Fig 1. (Left) meta-stable particle clusters formed in discrete element simulations neglecting 
hydrodynamic interactions. (Right) colloidal gel formed in discrete element simulations including long-
ranged hydrodynamic interactions. 
